Abstract
INTRODUCTION
Mongolia is a landlocked country, surrounded by high mountain ranges in the north and southwest and it is located in the transition zone between the great Siberian taiga and the Central Asian desert, which belongs to the central parts of the Eurasian continent (Nandintsetseg et al., 2007) . Its climate is characterised by long, dry and cold winters (120-150 days with stable snow cover in the mountainous regions, about 85% of total precipitation falls from April to September and average air temperatures of -15 °C to -35 °C in January), and hot summers (average air temperatures of 15 °C to 25 °C in July), low precipitation (50 mm to 400 mm depending on the region) and a relatively high number of sunny days per year (260 d y -1 , average) for the years 1961 to 2001 (Batima et al., 2005; Nandintsetseg et al., 2007) . The annual average temperature for Mongolia is 0.7 °C (Batima et al., 2005) , and -0.4 °C in the study region of Kharaa river basin (Törnros & Menzel, 2010) . Major characteristics of extreme continental climates are long and cold winters with mean air temperatures below 0°C (Danks, 2007) with corresponding ice coverage of surface waters, which result in harsh environmental conditions for all aquatic life (Milner & Petts, 1994 ; Chambers et al., 2000) . For instance, an important hydrological character of surface waters in Mongolia is the occurrence of an ice cover with a thickness of 0.8 to 3.2 meters for five to six months of the year and some rivers freeze into the bed (Batima et al., 2004) . Depending on the species and besides habitat quality and food availability, general adaptations of aquatic insects to survive these conditions were described as a prolonged or staggered development and programmed life cycles with diapause, often resulting in strict univoltinism (Danks, 2007) . However, synecological studies of aquatic insects in extreme cold continental climates and in particular Mongolian river systems are still limited (e.g., Hofmann et al., 2011; Maasri & Gelhaus, 2011; ) the most recent studies have been focused on taxonomy and species diversity (Hayford, 2009; Purevdorj, 2009; Soldán et al., 2009; Judson & Nelson, 2012) . Therefore, there are still knowledge gaps and uncertainties concerning the life cycle study of representative macroinvertebrate species was one of these information holes.
The main hypothesis was to test whether or not EPT species in the Kharaa River have special adaptations to survive the harsh winter conditions in Mongolia and reduced secondary production. In order to proof these hypotheses, it was necessary to provide basic autecological information on the (i) larval and emergence densities, (ii) life cycle periods, and (iii) secondary production, growth rates of selected macroinvertebrate organisms.
MATERIAL AND METHODS
The Kharaa River basin is located in Northern Mongolia, not far from the capital Ulaanbaatar, between latitudes 47°53' and 49°38' N and longitudes 105°19' and 107°22' E. The catchment is 14,534 km 2 and the main channel is 362 km long (Fig. 1a) and flows into the Orkhon River (catchment area 133,000 km 2 ) which is a tributary of the Selenge River (459,000 km 2 ) (MoMo Consortium, 2009). The Kharaa River basin is located in Northern Mongolia, not far from the capital Ulaanbaatar, between latitudes 47°53' and 49°38' N and longitudes 105°19' and 107°22' E. The catchment is 14,534 km 2 and the main channel is 362 km long (Fig. 1a) and flows into the Orkhon River (catchment area 133,000 km 2 ) which is a tributary of the Selenge River (459,000 km 2 ) (MoMo Consortium, 2009). A detailed description of the study region is given by Hofmann et al. (2011) .
A total of seven sites were chosen along the main channel of the river in order to study the life cycle of the rivers macroinvertebrates (Fig. 1b) . A principle for the selection of sampling points was to display the life cycle of species distributing in the upper, middle and downstream reaches of the basin.
Between 2007 and 2009, three projects were conducted in order to determine the life cycle period, secondary production and growth rate of important macroinvertebrate species from the EPT group. The structure of the material and method is presented in figure 2 . Further sampling procedures, and detailed information can be found on the AQEM (2002), Haase et al. (2004) and Avlyush (2013) .
Due to the location of the sampling sites, a similar temperature regime and a synchronised emergence period between years, large longitudinal differences in larval development within the basin were not expected. In order to enhance the validity of the results, data were pooled from all sampling sites, where the selected species were distributed, to create the life cycle development figures. Five criteria were established to select the species for the life cycle study (Table 1 Consequently, eighteen species including 8 species of Ephemeroptera, 3 species of Plecoptera and 7 species of Trichoptera were selected for inclusion in the study (Table 1 &  2) . Life cycle and secondary production of only one species (Ephemera orientalis) within selected eighteen EPT species in the Kharaa River Basin are efficiently comparable to other regions (Table 2) . A comparison on life cycle of selected 18 species with taxa from other regions at the genera level is considerably obtainable than information on secondary production (Table 2) . Therefore, the criteria 5 displays the importance of this study providing the information on life cycle and secondary production of numerous species from EPT group under an extreme continental climate. The remaining three life cycle types (seasonal univoltine, bivoltine, and semivoltine), two species from Ephemeroptera and one species from Plecoptera, and one species from Trichoptera were considered (Table 3) . ) with a body length of 1.5 mm to 2.9 mm. The mean body length (±SE) was 2.2 ± 0.03 mm (n=79). Therefore, it was concluded that eggs hatch around late April or early May. The nymphs exhibited very fast growth during May and June and the last instars first appeared at the end of June (Fig. 3a) . The highest larvae density occurred between late May and early June (Fig. 3b) . Emergence started from the beginning of June and ended by late August. The life cycle of mayfly D. cryptomeria showed a univoltine summer cycle with approximately an eight to nine month egg diapause. In total, 137 individuals of the last larval stage of D. cryptomeria were analysed and the sex ratio of 1:1 determined (females: males). The mean body length (±SE) was 10.5 ± 0.08 mm for females (n=76) and 9.1 ± 0.09 mm for males (n=61). In total, 89 individuals of D. cryptomeria in the subimago and imago stages were analysed. The mean body length (±SE) of D. cryptomeria was 6.7 ± 0.16 mm for females (n=55) and 6.4 ± 0.16 mm for males (n=34). The sex ratio was 2:1 (females: males). 
RESULTS

Selection criteria
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Secondary production and growth rate
The annual secondary production values in 2009 were estimated for three sites in the Kharaa River (Sug_1; Kh_8.5; Kh_5) and were in the range 0.08 g DW m -2 y -1 to 18.7 g DW m -2 year -1 . Over 85 % of the total selected species contributed to the secondary production of less than 5 g DW m -2 year -
1
. The remaining 15 % or 3 species had annual productions of 5 to 10 g DW m -2 year -1 and one species had the annual production of above 15 g DW m -2 year -1 (Fig.  4a) . The frequency distribution of the annual P/B rate was more heterogeneous compared to the distributions of the annual secondary production (Fig. 4b) . The highest percentage of species had an annual P/B rate of 5 year -1 to 10 year -1 .
The mean daily growth (± SE) of total univoltine summer cycle species was approximately 1.5 times higher (0.039 ± 0.007 mg DW day -1 ; n=65) than the total univoltine winter cycle species (0.025 ± 0.0046 mg DW day -1 ; n=85). The same result was estimated for growth rate. The total mean growth rate (± SE) of the univoltine summer cycle species was about 1.4 times higher (1.59 ± 0.12 % day -1 ; n=65) than the total mean growth rate for the univoltine winter cycle species (1.12 ± 0.10 % day -1 ; n=85). A high variation of daily growth among the species was obtained for both univoltine summer and winter species depending on their individual biomasses (Table 4) . 
Two burrowing mayflies (Ephemera orientalis
and Ephoron nigridorsum) with the highest individual biomasses demonstrated the highest maximum daily growths (Table 4 ). The highest mean growth rates were estimated for univoltine summer cycle species (Agapetus jakutorum and Drunella cryptomeria) with the shortest larval development time or days from hatching to final size (CPI: 70 to 90 days). The mean growth rates were similar among the winter cycle species. But, two species, Brachycentrus americanus and Psychomyia flavida, with the longest larval development periods (CPI: 310 to 330 days) showed the lowest growth rates (Table 4) . 
DISCUSSION
Previous studies identified temperature as one of the main factors regulating the life cycle of aquatic insects (Vannote & Sweeney, 1980; Newbold et al., 1994) . Life cycle strategies in Ephemeroptera, Plecoptera, and Trichoptera and their production in the Kharaa River Basin clearly indicated adaptations to the harsh environmental conditions with strict univoltinism and low secondary production.
Under the extreme continental climate, abundant and representative species from the EPT group in the Kharaa River Basin group displayed a strictly univoltine cycle or completed their growth within a year (Fig. 5) . Both univoltine summer and winter cycles were common. A diapause of egg stage for summer cycle species and larval diapause stage of winter cycle species during ice cover period cannot be confirmed with this study and remains as uncertainties for further studies.
There were eight species within 18 EPT species having a univoltine winter life cycle and these winter cycle species overwintered with a variety of larval instars. The questions of how they prepare for winter and which habitats they live in during winter were raised from this study after describing different life cycle types for further studies. There was a tendency of fast growth of those winter cycle species during autumn, or mature growth before the intense cold started. Considering the minimum air temperature of over -40.0 °C in the basin and ice cover with a maximum thickness of 1.3 m (Batima et al., 2004) , a long egg and larval stage with diapause would absolutely necessary. The flexibility of life cycles can be identified as extended life cycle stages in this region. The findings of short life cycle or seasonal bivoltine life cycle (one summer generation and one overwintering generation) and long life cycle or semivoltine life cycle identified for only one species suggest that the potential statement of water temperature change may occur in the Kharaa River Basin (Fig. 5) . recognized temperature change, its impact on life cycle pattern and secondary production.
-82 -Consequently, it is essential to compare the results with the general classification of growth of macroinvertebrates. Huryn and Wallace (2000) classified the low and high levels of production for macroinvertebrate communities in streams and rivers. Moreover, he also presented the classification of low and high growth rates of macroinvertebrate species with annual P/B rate and daily growth rate. The results demonstrated that the Kharaa River can be classified as a river with a low production ( Table 6 ). In summary, the values of secondary production, annual P/B rates and growth rates from the Kharaa River Basin are still comparable, but slightly lower than in other regions. The abundant species in the Kharaa River had a relatively rapid larval growth during short vegetation period and lower production which may be due to the extreme climatic conditions (Fig. 5 ). In conclusion, this study provided the first quantitative results on the life cycle, production, growth rate and emergence of aquatic insects from Mongolia, to allow comparisons with studies in other regions using the same methods. However, it still needs more quantitative research of population dynamics for a wider range of species including fecundity, accurate development rates, mortality losses (e.g., due to predation), and food availability across environmental gradients of hydraulic conditions and substrate types. In particular, an intensive investigation on a smaller spatial scale is essential to be carried out. In order to quantify fecundity and development rates it is essential to develop new methods of sampling eggs and earliest instar larvae in the field and to conduct laboratory experiments.
